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‘ \;,. o . : 'Tea"'l‘a .Cmide | - .

Objectives = R e 5 IR . - . o
The student will be able td determihe the trvtlxth L . ¢ student interest. For example, a‘claes ”
value of a g\iven statement. I .' o ) of atreng etuc\ients may tire of the activities
The etudent will ke able to determa_.he the riegation . ' Lnd'wish to get on with‘ the wsic mnterial.'

. \ »
of a statement and recognize the equive}epce of 1{1 this case the text material alone may do

two statements, ‘ T ' a Job better. A elower group ‘might

3. The student will be able to deter'n?ne whether a given ' - . shy awey from a textbook approach and
“rgument is valid. - L . - concentrate only bn the activities.
L. The student will be able to form simple proofs. / o \
’ (Y

Contents

Activities

/Ah this single nbdule there are two'.apm"oaches ' _. 1. The Buil ding' Blocks of Logic R .\
AN / tg this brief survey of logic. Since most geometry 2. The'Circuit Board L 2 \
textbooks fail to give an adequate discussion of logic 3. And and Or circuits - ,’ '
we have included a "textbook" treatment of the subject. L. More Camolex. 'Cifc uite ’
_Tt}i.s 1s found as explanations inte\re_pereed in the 5. Who Broke what Pron;iee » ‘
: ,e-xerci‘ses and tﬁeed can be used as a textbooku a\pm"oa‘ch. ' 6. Ver;lations ;5 £ ailm‘q mise - '
o However, also included is an qctivities approach . 7. How to NSutralige a S \d,tch.
which appears at the beginn:i:ng of eec‘h section., We 8. Would you Believe? S
believe this allows you the options necessary to vary | ' '
the' presentation of the material, thus maintai‘nin‘g ' \" \ . | . ] 4
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o -
Exergises - - - g :

1.

circuit boards potential to moqdel logic oxproﬁsions.-

Statements - - :
Equivaience and Nogation . \
Conjunction and Disjunction

Compound Sﬁgtemegte and DeMorgan's Taws
Implications A

Converse; Bicpnditional, Inverse, Contrapositive

.

Tautologies and Contradjctions.

Proofs

\

Activity 1 is an individual ‘work sheet, 5 1s a whole

1,

included'hero.

class activity and 8 is.for small groups.

Materials
Loglc circuit boards (At least one board for

Of these Activities 2,3,4,6 and 7 make usé of the logic

four_sthdente). These may be purchased or built.

Plans for construction of a logic board are *

LT - 2

. . .
. R N
3 - . ’
. . .
L g
. ‘
-
A . . . - e T - v - . .

ggggc Boarg Congt;gction

1. Drill holes as indicated by figure I. The
. rectangular holes for the SPDT slide switches
may vary with the size of tho switches you
purchaaed. |

N !
ALY}
. q.“ . \
}J" v Ee R
.00 O o o ®
4 O po o
l . ) \ ‘1"
S 's" .'.
' -l
. ) lk..
(Figure 1) LS - ‘

-

. #This distance must cbrresvond to the distahce

between mounting holes of the 117v/é0cy - 6.3V.i.2A

tbangformer.(about 241). |

IT Mount tﬁo componeﬁts on the 8"x12" board as -
indiosted by figure 2.

© '74 U of DML
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. You'ﬁéy dééign your own case for your L., C. B, The

f . ’ . : .
. t . K !
a -
’ * * ' ! ) - '
. . - ’ . . . L. .

P ot
Flghe | oo foll ' '
o Hgde X . owing list of materials may be of help to your .
&‘, \ e ' (‘BF\NANA :At:;? N , & ; yo | b o yo
Teamst LENER . o\[ J'o Seo when cdnstructing the case.
r- oo &S oo .
P . $e ©o oo Materials' - L. C} B, case :
: . O e - ' 2 - 81/2" x 15" x 1/8 (top bottom)
S . - . =
oNiCEW , ‘ 2 =~ 5" x 8" x 1/)m
\‘ ”
T Tergn Qiq SPOT 3SWITCHES
SWETLA | 2 - 5" x 15" x 1/b"

(Figure 2)

: SN
) . 1 -8 x 4" x 1/8n .
The\Fransformér,'fuse holder and terminal strip are

—
I

/

8" x 12» x 1/8»
mounted on the under side of thg board )
2 - 1/2n x 1/2n x 12

III. Study Figure 3 before completing the wiring of

' Assorted bolts, muts, nails, screws, glue.

your L, C. B. Cop , '

Fuse Neoioe@

, o0 (Figure 1)~ |

o 5"
LT - 3 - ~ /©,'74 0 of DML




V. After completing the box, use a table saw to saw '
the 1id off 1" from the top. Attach 1id with

appropriate hinges, secure with latoh.

xL.C.B.'Materials .

o 1 - 117V/60cp - 6.3v.1.24 Transformer .
3. Spot Slide Switches |
2.~ Pilot Lights

i :\Fuse.holdbr

™1 - fuse (1.4)
1 - Terminal (3 terminals)

s 22 — Banana Jacks - ] .
1 - SPST Toggle Switch
1 - 6' Extension Cord

4

If after reading this and you ﬁould.likq to purchase

L ' )
rather than build your L.C.B., please contact BBER
. Enterprises, Littleton High School, c/o Jim ﬁeed,_
'
- : , :
o Ut 9 : NP " A LT"\I-I»
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Building Blocks of Logic - Statements -

Teaching Suggestions v

1. The activity is a true-false test designed to

. introduce the student to logic. A tlass discussion
N . . _
v of the test - interpretation will give the teacher

opportﬁnity to prgviéw the module. . Example: No. VA

leads to the question: 'What kind ié sentences can be

\
-

on a true=false test? The students will be ready to
define "statement'' in the ex?rcises. 7Exa5§le: No. 15

" How shall we interpret the negation of a statement? .

~~d

' 2. As the ideas touched on here are clarified in-the ,

module the teacher may want to come back to this activity..

o8 »
(. ), _ Materials o
| 1. Activity card for eéch student. /
Work done by each student: /
. a. Activity eard : ; :

h. Complete exercises

f 3




-1, Yes
2. No
-'3.‘ Yes'
L. Yes
5. Yes
'6. Yes
- 7. Yes
8. No
9. Yes
10, Yes
-11. No
12. Yes

Exercise Answers 1-3

1..1 ’

LT - 6
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D / A Tegcheile!xide.;.; o
""The Circui " . g - \'(*' .‘ :

Teaching Sggmstione , : , o )
1., There should bé a circuit board available for

each group of two to four students.

The activity is simple' and requires only a small

2. -

amount of time to complefe.' It's perpoee is - | il
‘to 30quain§hphe student with the circuilt.
board. .

3. Since the real thrust of the material on equivalent . P
statements and negations is contained inlthe .
exercises, it might be advantageéous to do the
exercises before the activity. | o :“'k{i

Materials ‘ \ )

1. Circuit board for each group. » ‘

2. Activity card for each student. 4

Work done by each student° . -

1. Participate in circuitboard activity '

2. Complete exercises. ;?

LT - 7
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SR ‘ - Equivalence of ‘Statements
IR * N Exercise Answers L6-L7-

3. yes " D Co v % . - N o CEN i y

. . . . T ' S, * )
e NO, _ . \ . \ ' . - .

o - _ o o - N R
. Mo A)) k o ST -
RV

5
é
7 Solution seéo" | \\
8

. P q r ~—
T, T .
FI F .

a) P bé‘f' f ‘~' ' 'J )

'y -3
P

b) transitive properfy
‘l’ 9. no
10. yes
11. no Lo ‘ - ‘ - /
12,. yes

13. no ) : -

-

13 . © '74 U of DML




Negation’ of S'odto‘monta

<

Ex ercise Agg' wers

1. P} P P
' T F T ) SRy
Fl 7| F- . RN
NI a) equivalent
- . ‘ . " N A
. 2. a) y>»5 . -
b) x ¥ 4 I 9 or x 15 - . .
c) 2y +h g8orxg 2 . {
d)\Xlﬂg R \
e) \e) ¥ 5
f) 3y y+35ory5/2 )
) 3. _B q | r ‘|s _
I
. T| F T |F
® .||+l
a).- s is a negation of p - \
he p | 9 |T 8
r| t|F|F SR
| F|l FlT |T ~
a) peivalent to q
b) r equivalent to s ’
¢) equivalent
5. x22° .
. ' c 8
6. '

" One of us is not hﬁngry

It is false that all of us are hungry.

Not all of us are hungry

It is fdlse that some people sleep in class.

. A11 people sleep in ciJss.
A\ V4 ’

No one sleeps in class. /

K “ o - 44

e .

a

18 « L10

/
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A

- 8. It 1is falge that no student likes Geomegry.

' C One,_etudent likes Geomstry. _ /
. Sqme students like Geometry.’ /
T It is false that Richard is never serious T - \
" Sometimes Riéxar"d is serious. .. : : -
* Richard is alwiys serious. .
- 0 . . . . , \
. 10. Tt is'false that none of us will be here tomorrow.
. ‘Some of us will be here tomorrow
One of us will be here tomorrow. ’ e
In questions 6 - 10 there exist other possibilities.
\ ‘ \
"/
a \
. |
) \
1 4
'74 U of DML
15 © '74
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e S Y
) ’ y ' | - And and 0@ Circuits - Conjunction and Disjunction

h i

» W

Teaching Buggestions

Y
B %he gct;vity ag&ih involves small groﬁpé wdrking . " learns to wire And and Or Circui{.

on circuit boards. . ’ | 2. Complete exercises, “

2. TIt's important that éach member pf the éroup pnd;f-_ - - T : -; -

:" ' stand th; "and" gnd"Or"cir;uité on order to do . ‘
) _activity Cards 4,6;7. .

3. The exercises éontain a development of csnjunctian .qii - " . \
and disjunction. The teacher m wish to use this ,_
material as a class discussion before assigning *
the exercises, or assign the exeréiseg first
-(individually or to small groups) and then ’
follow up with a review discussion after the @

[

exercises are completed. Stronger grouos will
need little or no teahcer invalvement.
’
Materials
1. Circult board for each jroup.

2. Activity card for each student.

Work done by each student:

1. Participate in circuitboard activity. Bach student - © 74 U of DML
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1

Conjunction @ Dig;]unction A - ' o | Efrciﬁhknwors

And énﬁ Or statomnta - ‘ .. v ‘ . N

‘ 1. q PA(] . . ' } oo ‘ |

T ™~ T T ' N ’ ' ~ .

L4 . . .

¥ F F '

F T F
- . i RN .

F F o F - 'L

2. Both statements are true

3. |l p g .o ' " >
W/ ad v ) .

q
T
F
T

D

T T
T T
F | T
F F

‘F

@ - >t statements are false.
5. a) Mastedons were big and men don't walk up walls.
b) Mastedoné were big or men don't walk up walls.

6. a) Every tpviangle has three sides and every square haa four right angles.

‘ b) E(rery triangle has three sides or every gquare has four right anglee.
. c) T “ .
’ d) T, ' ‘
7 a) A pentagon has five sides and a’square has three diagonals.
;'g S b) A pentagon has five sides or asquare (;a(z‘rthree Hiagonals.
c) * L |
: A | ® 1. a) T
P T b) T
9. ¢ - | o - ) F
@ 10 a)F - | < a) F
b) F ' . ) " d) -F
Q. | LT-%ZS | - f.)l ¥ _©'Z4UofDML
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4 .
Teacher's G\‘_ ‘

A

More Complex Circuits - Compound Statements and DeMorgan's Laws

Teaching Suggestions

The activity involves small groups rking with:circuit boards.

1.
\
2. Suggest the students draw the circuit be&ore attempting
to wire it. )
3. The activity may involve more than one class period
to'complete. As a result, the teacher may want to
assign only partnof the activity.
L. The exercises develop a truth table step by step.
~ 'The teacﬂh{ may wish to do this for the' class.
S _
Materials
—— Y
1. Circuilt board for each group.
&
2. Activity card for each student.

WQrk done by students -
1.

2.‘*domplete exercises.

Participate in circuit board activity.

-

L



Compourk] Statements and DéMorgan's Laws

fxercise Answers  L18 - L20

(20mpomirid Statements

. F . _ ‘
. Lo p |l a f~p y~a pvra) | ~(pvq)
T | T | F F F T - N
T | F F T T P
" e . * N - Q.
F .| T T F T F ,
F F T | T T F
f L
2. p y a , ~a |pvrao 3. py a | ~a Nq
. T | T F T O F F
T | F T | T ‘T | F T T
F | T F F F T F F
-
® ¥ F T T F' F T F
L. p Q | ~p [PV 5. P q | ~P ~q | ~pv~q
T | T F T T | T F F F
: L
T | F F F T | F F T T
\ -
F T T T F T T F T
F | F T T F F T T T
6. .p  a |~p [|~a |(pv~a) | (av~p) | (pv~a)A(av~p)
aT T F | F-| T ° T T
T.| F F T- T - F F
F T T F F T ' F
F | F T T T T T
| )
- '
20 !
© 74 U of DML
r -1




Compound Statements and DeMorgan's Laws . rcise swer
\ E

. 0 (pVa) |~(pva) 8. pr | a | ~p]| ~a| ~PARa
r[ o] ot " F. v [r| F| F|. F
R 3 I . F S N A F
: T T F - \ Flr] 1] F P
F F F T Pl P T T, T »

9. P q 0. p a |~p | ~a ~p Y~
T fr T T F F F "
T F F T T F F T T
F T F T F T T F T
F F F T F F T T T
.. - k. Bil1l will not work or Jim will not work.

12. It is falsq that Joe graduates in June and Jerry will be a Junior

Joe will not graduate in June or Jerry will not be a Junior,

] 3. p, a | r (pAa) | (pna)vr
- T| T T I I}
T T F T, T
’ T| F r| ¥ T '
T | F F F F
F | T T F oo, T
: F | T F |° F F \ L
: .
F | F T F T
F | F F F F ,
o
21 “

B LT - 15 © '74 U of DML



Teaching Stmt:bohs :

. . | \ o \ Teggr'a Guide N

Who broke what promise? Implications <

»

.

«

1. :'l‘ho a'ctiv'ity consists of a p;l.ay dn three acts. -

»

The first \two acts show tho truth value of .
an implication, the t‘h{rd preparos students
for - defining an implication as an Or statoment AL

Select a group of students to prosent each act.

-Encourage them to'embellish parts as much

as they like, as long_as they don't change

~ the basic situation.

1. Activity Cards

2.

. each situation. _ . -

* The success of this activity depené’s on the

teacher's enthusiasm. It's important that =

the class be led to the right response in

Materials ’ . :

Board or overhead for recording class responses.

22

LT - -16

(L

Work done by the student:
1. Parti¢ipate in drama

2, Complete exercises *
. .



9

N
Q . . N Ve

Implication’ "% . Exercise Answers 126 - L27 .

._3.

\

h.

8.

9.

0.

11.
12.
13.
14.
15.
16.
17.
18.

N . . -_ s . )
T F 1 - F- F

FIT T ® T e

L. pla | =~o S =p ¥ a 2. R
T | ] T
T

T4

If i1t rains, then we'll go hope early. * -

If we win there will be no school tomorrow.

Lx=20 implies Xwp

Xm

We're going only if the weather is nice. . !

To be eligible it's necessary to keep your grades up.

If I eat less, then I lose weight.
If the cat's away, then the mouse will play.
‘If I finish my home work in time, then I'1l be there.

If -you like-a courgg then you do well in it.

If you arga teacher then you must attend the meeting.

If you are a student then you can join the club.
1f you are a cheerlead-er, then you ‘are a junio‘r. '
If you live in Denver, then you live in Colorado.
If a polygon is a triangle, rthen it has three siées.
iIf you live in Denver, then you live in Colorado.

If you live in Denver, then you live in Colorado.

]

—

F

F

A

3

Vs -

-’

-

T
F
T .
R
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‘ Variations of a Pramise

Converse, Blcondition%, Inverse, Contrapositive 7
Teaching Suggestions ' : <3

" 1., Small groupe working on circuif board. This activity

will reinforcé the definition of implica?ion,and.

\‘ 'introduc; the definition‘of converse, Invérae, and
contrapositiv;. Howevér, as usuai'in this module,
fhe activity can %;,gmitted without loss of material

|
content. '

Hateriais
1. Circuit board for each group.-r

2, Activity card for each student.

‘Work done by student:
1. Participate in Circuit board acbivity.

2, Complete Exercises.

Ir' -~ 18



Converse and Biconditional

4

3.
L.

5.

10.

12.

13.

14. .

15.

"If 1 lose weight, then I eat less.

Exercise Answers 130 - L31
I 4 B .

If the mouse will play, then the cat's away.

If I'm there, thén I finished my homework in time.

If you do well in it, theh you like a courae . K
p- ] a. p-_-i'q g > p |
T \\T T T , ~

r | P F | T -

F T T F . v

S T T 7 -

false and q is true).

No (not wheh p 1s

Answers will vary. (give an example).

kﬁsﬁers will/gg;y. . .

p q psq |la—=>p | (p2a A (a5
T T T T . T

T |" F F T oA F

F T T F ik F

F F T T T

I can wake up is equivalent to I can éo tobéfeep.
I can wake up is necessary and sufficient for my being
able to go to sleep.,

A polygon has threé‘sides if and only'i} a polygon‘is a triangle.

A polygon has three sides is necessary and sufficient for a polygon being a trieﬂv//.

I live in Denver is equivalent to I live in the Mile High City.

I live in Denver if and dnly if I live in the Mile High City.

© '74 U of DML



Inforao o gio:ciao Answers 132
. , 1. If you're not a teaghor, then you must not attend the mesting.
2. If you're not a student, then you can't join the club.
. If you're not a cheerleader, then you're not & Junior.

~

3

. . P
L. If you don't live in Denven, then you don't live 3.11 Colorado.
5

S _P q |lp2?q | ~p |~ ~p 2 ~q.
- g T T T F | F T ) |
T F 1 F | E R S T e e T
. N _ - o 7
F | T T | T F P g
J | .
F- | F ] 7 T T T

6. No (not when p is false and q is true).
7. Answers will vary. (give an example) - SO | "o
, o _ |

8. Answers will vary.

T

: © '74 U of DML,
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. Contrapositive " Exercise Answers 1,33 .

e

~ar
[N
-~

' 1. If a polygon dogs not have three sides then it is not a triangle.

2. If you don't, live 1in Colorado, then you don't live in Denver.

3. o p L lp—=2q ~p l~q ~q ’~D
T T T F F T ‘ -
. T | -F . F T F.
Fl T T T | F T ) o«
F F T T T T
, | ,
L. "yes - '
5. equivalent,
J -
\ - v /
)
o * . =
! . b
)

. ' | . .' | | - N / '

/( . \

ERIC . - | -2 /



- ? ' ) : Toachex.Guide
‘How..to Neutralize a switch - Tautologies : &

and Contradictions - - T  Exercises Anév&ers for L-34

r

* ' Draw a circult for A - AvB
Teaching Suggestions "

1. .'The_ activity again involves small grouns working The cir‘cuit is:

L)

/ N on‘c‘ircuit boards. ' ' ' |
a +

2, Students may be tired of truth tableg by now and -—-@-—-— o

. dividing the exercices among small groups would _' ___
. o

lessen - the wdrk.

1

‘Draw a circuit for B A '(A,w +B).
Materials N .

1. Circuit board for each group. The circuit is: -

2. Activity card for each student,

Work done by each student: ~ ) o ._—_@ @

1

1. Participate in c’:'ircruit board activity

" 2.Complete exercis

9K L - | © 74 U of DML
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Tautologies and Contradictions

0.

L.

(pqﬁ,‘gr q)

ixercise Answers 135 - 136

P qQ_ P2 (v'Vq)
T T T ! !

T F T T

F ol T T T

¥ F Foo. T

P q ~q (pA ~q) g (pA~a) -
T T F F F

T F v N F

F T F F- F

F F o F F

Tautology

L _i~£> L. Py~ P )

T F T
b T T \

Contradiction '
p_l~p | pA~p

T | F F

F T F

Tautology 6. Neither

P q. (p na) 1 {pnq) 2. o (p' A a) | p o(pa

T T T . T T T
T F F T T F F
F T F T F F T
F F F T F F T.
3
| .Y ® '74 U of DL
b) LT - 23 '



Tautologies and Contradictions Exercise Answers

‘I'. Taut.olopy

. 4 (rvs) | ~Mrvs) ]l -r | ~s vt Ao | Mr V8)hrans

T T T F F F F T
T Fo, T F Fedy T 1 F T
F T T F T F F
P F F Yo T T T

/

8. Tautology

pl g (p=q) pA(p >q) [b A (o -2q)] > g
T | T T T ‘ | ' T
T P F , F T
)
F| T T F T
' F| F T - F T -
@ | N
~
9. Neither
pla | ~qf (po~g) pn-q | (paa) ] ~(pa~a) v (ma)
F F T T T
T | F T T F F F
F | T F F T F T
F | F T F T F T
\
N
10. Contradiction
p q ~p *]l~q (pv ~p) (CTNS) (p'w-«nl-"-? (g1 -“q)
T T F F T F - F |
T F F T T F F
‘ F T T F T F Jr
F F T T T F F
1y * .. y
. | 3 L © '74 U of DML
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,Tautglﬁgiea and Contradictions

12.

13,

Exercise Answers

Taut.olopy

el ol o rplop fevalCoren) | (pra <2 (g )

T T T F F T oo

, .

T F F F T F : T

F T T T F T T

r F T T T T T

Neither.9 ' 3

pl a | ~qg (phva) | (oaa | (pa~qv(pag)

T T F F T T

T F T T F T

F T F F F F

F F T F F F

Tautology _

Pl g (p 34q) (gor) | (por) (p29) (g 2r) [(p % @) (er)]>(par)
v | o T T T B T .\,;. ‘
T T T F F F v -
T F | F T T , F T -
T F F T F F T
F T T T T T T

F T T F T F T

F| F ¥ T T T T T

F P T T T - T T

© '74 U of DML
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Would. ’ believe? - Proofs Teachers
Divide the class into small ‘groups to work on

this ac,tivity. . Instruct them to \agree on the
validity of a conclusion befpre they write down
their answer.

Correcf results fgr-the activity.

I. Conclusion not valid. -

Babies cennot manage croecodiles.

II. Conclusion valid.
III* Conclusion valid . )
Iv.

Conclusion not valid.
No marmots take in the Post. .
V. Conclusion not valid.

No gray ducks in this village wear lace collars

VI. Conclusion valid.
VII. Conclusion not valid, ' .
'An egg of the Great Auk is not to be had
for a song. _’} -
VIII. Conclusion not valid. ' Coa
NJ bird in this aviary lives on mince éies.
IX. Conclusion is valid." ‘ ‘ r

X. Conclusion:

33

Rainy days are always cloudy.

1 '

LT - 26
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v w "
r. 3w

This activity is iﬁéluded in order to in End@ce
the riesd for de£9iminihg the validity of an
argument. Therefore disagreement about the
conclusions drawn in various arguments are to
be encouraged. It is hoved that the methods

introduced in the exercises can be used to

" resolve this tyve of disagreement.’

:34__



Preof ; EXQrciao Answers LLO - L3
1. l(p=2d AN (qg-2r)]> (p.>r) [pAaA(p-4q)]l+>g

2. Hypotheuis

p: I am a freshman student.

and p~> q: If a student is a fréahman, then he may attend the freshman class party.

v
Conclusion:
q: I can attend the Freshman class party
Tautology - _ - o .
[(pa(p>a))>q
/
- 3. Hypothesis -
P->q: If I eat pickles with ice cream, I dream about Iions and tigers. .

and q »>r: If I dream about lions and tigers, I wake up scared.

Conclusion: -
. p-yr: If I eat pickles with ice cream, I wake up scared.
Tautology

[((p>a)N (@ >r)] »(p->r)

4. Hypothesis ‘ .
 p: Thig is the fourth week of school. .

and p 5 q¢ If this is the fourth week of school, then this is the week my theme is due.
Conclusf%n:

qQ: My ﬁheme is due.
Tautology:

[pA (P >a)l>q | T )
'5. HypothHesis |

p: Clara is a cle;k in Meygrs Dept. store

. and p—»q: If a person is a clerk in Meyr's Dept; store, then he hashad a week of on
- \ oot -
the Jjob training. -

LT - 27 ' f DML
35 ®'74 o




Proof ' Exercise Answers

Conclualon
q: Clars had a week of on.the job training.
Taut.olopy

[eA (p*2a)l 59

6. Hypothesis : f._.‘

p: Triangle ABC is equilateral

-and p-—2Qq: If'a triangle is equilateral, then it is equiéhgﬁlér,

Conclusion
q: Triangle ABC-is equiangular.”

Tautology

IPA(P5®]?§. s

7. Hypothesis
p: Ax=20.'
and p-» q¢ If equal humbers are divided by 4, the quotients are equal,
Conclusion
qQ -7 X=5 . i w
Tﬁutblogy |
[pn (p>4)) >q
8. Hypothesis = 3 -
p—~q: If you can do this you're very bright. | h
qQ-yr: you'ré very brigh£, you'll probably-gef an "A"'in iogic.
_ Conclusion | . | 1
.p-yr: If you can do this you'il probéblyfget an "A"in logic.
Tautology: |
[(p>a) A(a>1)]>(p )
1
36
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. Proof Exercise Answers

v

é. Hypothesis Co. ) | ) ’
p->q: If an elephant is a rogue alénhant, it is vicious.. -

A q-»r: 1f an elephant is vicious, it is ostracized by the herd.

Ar-»s: If an elephant is ostrancized 5y the herd} it roaﬁs alone.

Conclusion

p - s: If an elephant is a rogue dephant, it roams alone.

Tautology:

[(p5a) A (a >IN (r58)] > (ns)
10. The argument is valid.

Hypothesis

Jerry is a veteran

If a man is a veteran, he‘Q"entitled_to free medical care (Contraﬁositive)

Conclusion:

Jerry Anderson is entitled to free medical care.
11. The argument is valid."

Hypothésis.

A ——

A1l cows eat green grass. T ———
If all cows eat gree grass, then all cows give rich milk (Contranositive)
If cows give riqh milk, tggp rain falls in summer (contravositive).
f:nclééion: ’
Rain falls in summer.

12. Hypothesis:

S '
If California is not larger than Persia, then Utah is not larger than Maine.

(Contrapositiﬁe)
If Utah is not larger than Maine, France is smaller than Texas. '
If France is smaller than Texas, U,S., 1s not larger than Canada. ,

" Conclusion:

If California is not larger than Persia, then the U. S. is not larger than Canada.

. 37 © '74 U of DML
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Two Column Proof

1, Statementh - -

<

Exercise Answers

L-45

v

Reasons

1} Jane lives in Denver

2, Jane lives in Colorado

(

Statements

1. Given in Hynothesis
2. If a verson lives in Denver, then

1+ ' he lives in Colorado.

g

Reasons

1. Tony is a student who lives

)

more than a mile ffom SCHbOIa
2. Tony rides the bus,

3. Teny eatslunch at school.

1
R

-

Statemen&s-

1. Given a Hypothesis.

2, If a student lives more than a mile
from school, then he rides the school
bus.

3. If a student rides the bus, then he eats

lunch at school,

Reasons

1. It is raining.
2. Pavemenﬁs are slick.
3. There are more accidents

than usual.

‘

l. Given in Hyvmothesis
2, 1If it rains, then pavements are
slick.

3. If pavements are slick, then there °

are more accidents than usual.

~

® '74 U of DML
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Argument is valid.

Proof by Contravositive
‘Exercise Answers L46 - 147

-

Hypothesis: as given
Conclusion: If an animal i a ku-ku, then it has grey fur.

Comtrapositive must be true.

Hypothesis: as given
Conclusion: Ifa geometric figure is a triangle, then its sides are straight
finész

Contrapositive must be true.
N {

.If I don't get algebra credit, then I didn't »ass the final and turn in homework I

miqﬁed.

Tf T don't get algebra credit, then I didn't nass the final or I didn't

turn in the homework I missed. /

Argument is not valid.

Argument is not valid.

Argument is not valid. BN
Argument is not valid.

Exercise Answers - Indirect Proof

*

Assume all'peoplg in the room were born in different months. Then there are 13
different months. This contradicts the fact that only 12 months exist in the year.
Therefore, at least two people in the room were born in the same month.

Assume each tree in Illinois has a different number of leaves on it. Iet N be the
number of ‘trees in Illinois. Name each tree b& the number of leaves it has. If
no two trees have ‘the same game, thén one tree must be named for a number which is

greater than or equal to N. This contradicts the hyﬁothesis. Therefore, at least

‘two trees have the same number of leaves.

© '74 U of DML
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- Exerclse Angswers -

. Indirect. Proof

1. I\:]:‘numA.h:ll, Lhere are an odd number of feel in the pen. Then at. least onc
animal must have an odd number of feot.. Any cow or chicken with an odd

number of feot 1s not normal. Therefore, there cannot be an even number of

~

feet, in the pen.

© '74 U of DML
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| Tne Mldiné Blocks of Loglc
Activity Card f
/ This true—-false test is designed to nelp you discover the real you. Y‘ou
may not. apeak 't,(\) anyone during the test. Answer each question About yourself
as candidly auv possible, d
"—.'l' You havé a well developed sense of huh\or.
-2, You do not have blue eyes;. .
—3. You passed Algebra with a C or better.
. If you are a student in this school then you graduated from it last June.
——5, You are not now and never have been a member of the faculty. ‘
—6. You are an honest persan.
—7. You have blug ey®s and black hair.
—8. You have a winning perSorLality. ¢
—9., If you graduated from(this school last June, then you are now taking
‘ geometry.
~—1Q. You are generous to a fanlt.
—11. You have blue eyes. .
~12, You are sensitive and understanding.
—13. .You are tall or you ha\;e “long hair.
4. Don't fail this test, a
—15. 'You have not spent one night in jai-”l.
—16. You are n(;t tall or yo(x have iong hair.
—17. Your s;nilé is a loser or your smi'le is a loser only if you dor't brush
| with dial.
’ . —-18, If a person has com}non sense then he is also logical.

!

~——19. You are a student at this school. .' ’

——20. You have a lot of common sense.

o Y ‘ © '74 U of DML
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Test Interpretation (Learn about yourself)
. 1. If you answered 2 and llulthe same you are illogical or you haveh one blue eye
2. If you answered 1,8,10,12 all true, then your answer for & should definitely
be false.
3. If you answered 9 false you desperately need to study Logic. Luckily that's
what you're about to do. |
L. (If you answered 15 true then how many nights did you svend in jsil?-
5. If your answers for 13 and 16 are both true, your hair is long or answer
to 6 should be false. - & »
6. If you answered 14 true you failed this test.
7. If your answer to 4,9, and 19 are all true,‘then you are doing post graduate
work in geometry. '
8. TIf your answer tp 3 and 5 are false, then your answer to 15 is probably
false now or will be false within the next week.
.' 9. IT your answer to 18 and 20 were true and your answer to 17 was false, you
tend to be bashful -and hide (successfully) your common sense.

10.  You have enough potential to be allowed to proceed with the section on logic

- regardless of how you did on the test.
~

=
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Fxercises
Logic is a set Af rules that we spply to arrive at valid concluslons.
A sentence is a statement if it is either’true or false,
Exgmple: L + 3‘- 7 True (a statement)
L +2 a5 false (a statement)
Close the door. ,(not a stafement)
You're late. True o;_False (a statement)

bl

Write ves 1f the sentence is a statement, no if it is not.

———1. That car is speeding.
——-2. Don't be late to class.

—3, N4 x 3 6 x 2

i

——4. 13 is a prime number

7+ 3

—_—h, 6+ 3
9 if yc R (R represents the set of real numbers).

. S T

—"T7. Five is an even number.

U

—8, Add 4 and 10. oo
—9., x4+ 2 = 16 if x ¢ (0dd numbers)

—10. All even numbers are real numbers.,

——11. Why don't you close the door?

—12. A statement is a senténce that is either true or false.

»

X
AR
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CC

. Activity Card 2

The Circuit Board ¥

Flectric current flows from + to - if there is a path provided'for its flow. Any
cont lnuows wire connection between o+ and — terminal will provide a pathway.
1. On your circuit board see if you can turn a light on by 'making a direct path

€rom + to - for the current.

[ N

To avoid having to wire a circuit whenever one wishes a light on and disconnecting it
when no light is dedired, switches are used. The switcheg on your circuit board

operate as shown in the diagrams. When switch A is at position 1 there is a direct.

t

Al

path from m to c, _
: nwzi zi :
| < N '
b, OO ;" El .
A

When switch A is at the o position there is a direct path from ¢ to b.
Py O O
¢c ¢ o i i ‘
b 4> é; | v

2. Place a wire from the positive terminal to an m eyelet and another from

the negatifé terminal to the corresponding c eyelet. The 1light has value

1 if it is on and o if it is off.

If the value of A is‘l,-the value of the light is .

L d

L\
If the value of A is o, the value of the light is

. 174 U of DML
" “T - © '
15

)
O L a




A=

Arrange these regults in a tables : ‘
A Light
1 . (Tgble 1) ‘
0

The light id equivalent to switch A or the light represents swith A.

~

3. Place a wire from the.positive termiphal to a b eyelet and from the

-

ing ¢ eyelet. M

/ negative terminal to the corres
Complete the table:
A Light

1 [ . (Table 2)

O
The light is not equivaleht to switch A. In fact it has exactly the onnosite value.

"We say the light represents "not A".

p c |
, 6 . © '74 U of DML



Equivalence of Statements - pxerclses

I two sbatemonta are such that when one in true the other 13 true, and when one
1 Falae the obher 1o false, Lhoyaree called equivalent statements. We can show
his definition in a table. let p represent the  Clirst statement and q represent the

second statement.. The symbols T and F stand for true and false.

o

T T ' Both statements are true.

FlF Both statements are false.
11 you have done activity 11 with circuit boards this.table should look familiar.
Compare It Lo Table 1. They are rcally the same table. Only the symbols have been
chamgred.  Both are called trath tables.
Wy
we use the symbol ¢— Lo indicate equivalence. P €5 q is read "p is equivalent to g".
Note Lhesc ;‘n'npcrLies of equivalence:

p € q (Bquivalence 1is refloxive)

If q €= 4, then q &= p  (Equivalence is symmetric) \
If pe—)4q, qe¢—r, then pé-r (Equivalence is transitive) i;
i,n"

Beside each of the following pairs of algebra statements write. yes if they are

equivalent and no if they are not.

1. 2x + 117 3. %y < lq( 50 x < 5
2x =16 y< 6 g‘ x # 5 -
2o x > 17 Le 5% 9“ 15 S W\g‘ %—x-:%
x <7 !/ x = 3 / T g= 2 < . o

-. o 47 - ©74UofDML



a”

7. In the above exercises, two algebraic épatements are equivalent if they have the

same .

8. Complete this truth table for peaqeEr.

b aq | r "a) what do you conclude about p and r?
T b) What nroperty of equivalence is i1lustrated?
I

Beside the following pairs of statements write yes if they are'equivélent and no if
they are not.
9., Tt is January,

It is not February.

10. It is not cold in hére. .
It is false t-,hat,.j-t,'s cold in here.
11. Tt is raining
It is not ”'r'uinjnp_ .
17. Today is Sunday.
Today is the first day of the week.
13. Today is Christmas. | ']
Today is a holiday. ‘ . N

14. If. you work hard, then you will be a success,

If you are a success, then you worked hard.

N
L A

PN e
o m_‘!..‘!xr_ ~{‘l_ >

h Y
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L
- Negatlon of .'H.rn,;‘.mnm,:x fixerelnnn
Two statements that never have the same truth valuesauwznaid'ﬁo be negations .
‘ That is they are never both true at the same time nor both false at the same
time. I
From the following list of statements seiect any pairs you. think are negationsf
p. Today is Monday
d. Today is Tpesday
r. Today is Wednesday
P s. Today is not Monday

t. pis false,

Are statements p and q negations? Remember they could both be false (on Wed. for example)
To be negations they must always have opposite truth values,

If you selected p and s as negations you made a correct choice. The truth table would

1}

‘ look like this s
. | F (when p is true, s is false)

F (when p is false, s is true).

We designate the negation of "p" by ".p" which is read 'not p" o‘r "negation

of p"..

\\ 1

Since S is a negation of p we could replace s in the truth table withm p:

P | ~p
T F
) |

If you did activity II1 with circuit boards compare this truth table with table 2.

Again they are the same truth table.

.. 1. Complete the truth table.
Pl~P |~(P) . | © '74 U of DML
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“l' )

b)
¢)

Iy

P - R S _

]
.

what do you notice about p and ~(~p)? They are statements.

v

Write a negation of euch of the following statements. .
Bxample: Statement y > 1
Negation y 1s not > 7

Better negation y < 7

y <5 o\ ‘ - d) x#9 =
)(+1;f"-9 l . e) y<5 . o
2y + L4 = 8 ' £) 3y 2 y+5

Complete-this truth table showing g is a negation of p, r is a negation of q,
5 1 a negation of r. '
. P | @ | ®rR | s
T
F

a) What do you conglude about p and s?

Complete the table when r is a negation of p and s is a negation of q.

L) ‘T T \/

F F *

a) What do you conclude about p and q?

b) -What do you conclude about r and s?

¢) Negations of equivalent statements are

If p is the statement, x < 2, what is ~[~(~p)]?
let's look again at our list of statements from which we selected pairs of
negations.

p. Today is Monday.

© '74 U of DML
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e Todny 1o Tuonday
r. "Today 1u Wednonday

‘ 8. Today is not Monday

t. p is false

g You probably noticed another‘pair of negations besides p and s. Qonsider the truth
table for p ;ﬁ?“ﬁi?f | | T |
\\\\\ (when p is true, t must be falsbi
. l (when p is false, t is true),
There is more than one wa o write a negation of a statement. .
Example:
p: Bveryone in this class is brilliant.
. . p: Nét everyone in this class is bril#fant
| p: It is false thét everyone in this claés is brilliant.
To make p false Qe.ﬁéed_to find only one person in the
. the clasa,that is not brillisnt. We could write: pr One
‘ \ pérson in this class is not brilliant. Of course if we find more -
| than one non-brilliant person p is just as.false~-
- ~p: Somk people in this class are not brilliant.
Write three different negations of each-of the fqllbwiﬁg:
6. All of us are hungry.
7. Some people sleép in class.
8. No stydent likes Geometry.
9, Richard is nev#r serious.
10. None of us will be here tomorrow.
51
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And and Or Circuits : _._-' Activity Card 3

Review

. . The 1ight Ls oqulvalent to awlitch A,
N

./ A Llght, ' ' A wire connects the positive to a m eyeiet of
1 1 | switch A, and another connects the negative with
0 0 . " corresponding c eyelet.

We will use the following notation in circuit diagrémaz

2. The light is the negation of switch‘A, | . . '
A |Light . A‘ wir:‘é;"cohnect-é- the pésitivé .t,o"a b eyelet
y 1 | O | of switch A, and another connects the nega;tive;
g 0 1 { v}ith the corresponding c eyelét.\ ” ~

We will use the following notation in circuit diagrams:

¢ s ) Lt . 1

Wire the following circuits and complete the table. Work with two switches

-
»

‘ and one light.

| Light - -
1. Aw B Lig -
1 1 .
t
- 1 0
And Circuit,

n ircu 3 . 0 1
Elﬁq‘t,ricity must go through 0 0
A and B to the light. - | \
2. ' A B Light

1 1

N ’ 0

‘ Or Circuit Eléctricity ¢an

~-go through A or B to the light. | ’ ,
. H
cn . ® '74 U of DML
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Corjunction and Disjunction

* Exercises
N ——

P and q pe any logical statements., The compound statement "p and q" is called

the conjunction of p and q and js written pwvq.

-

Example: P: Jack is a tennis buff. .

:q: Jack plays basketball.

-

p vq: Jack is a tennis buff and‘Jack plays basketball.

Under what conditions is a conjunction'true? For instance suopose b is true

L)

but Jack really doesﬁt\blay basketball making q false. Is the conjunction true or False?

Enter your answer in the secbnd row of this truth table. Completé_the table.

\

1. | P q PAY
'\\/ J\ T T | - ’
| . ] .
o F T v
‘ F F ’

o~

If you‘oid Activity IIT compare this table to the table for an And circuit.

]-

2. A conjunctlon of "two stataments is true if and only if RS .

The compound statement "p or g" is called a disjunction and is written "p v qT.

-Example \ .
\ p: John likes math.

John likes history.

q
“  pwva: “John likes math or John likes history. )

Suppose it's true that John likes math but he really doesn't like history. Is n\rq

true or falsel’in this case? Enter your answer +in the second row of this tr&th

f

table and complete the table.

3. . p Q ISVQ
{ < /
@ s
| 2 T F . .
F T b

© '74 U of DML
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Exercises

r'y
’ It you did Iict.ivity ITT c’;)mpm'e this table to the table for: an Or circult.

L. A disjunction of two 'stntemen_ts is false if and only if

1

Hhe pe Mast(edonn were big

q:  Men don't walk up walls, s i
a) Wmite PAQ -
N
b) Write pyqs
6. P i’&mry triangle has three sides
Qs ‘}",v‘ery :squar: has four right angl(;s.
a) Write pAq:
b) Write Pv Q: | i .
¢) Is paq t,.rue or false? - )
d) Is pvq truc; or false?
' 7. . p: a pentagon héé five sides , ‘ el
. q: A square has thr}e diagonals. '
a) Write pAq: ?
b) Write py q: , e T .
¢) Is PA q trie or false? | | » N | ) '
d)" Is pv q true or false? » . : / '

8 A conjunction rp s is true if

——m——
\

) R is true and s is false. -

b) r is true andsis true . -
c) r is false and s is true. - - \

9." If "Wolligogs eat fish and Gilliwogs dfink Bo" is a true statement, then the

statement, "Gilliwogs drink Bo" .

a) may be true b) must be false c) must be true
.10. Suppose p is true and q is true.
‘ a) Iswp true or false?

b) Is N;;Aq true or .false? _ y © '74 U of DML
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>

11.

r i% true and s is

true or false.

a) ____ r/n\s
b) __  rA ~ s
‘e) TS

d) ._o~rv~ s
e) #;___~~r/\ﬂv 5
r) r N~ s

BN
-

© '74
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‘More Complex Circuits

Review

Logic Statement

A

_ AAB

ANB

More complicated statements . -

‘can be built from these basic

" statements

Step I: You will be given a logical statement

Example A A (~B\A)

Circuit Diagram

+

——

@ B
o -

=

"
12

Activity Card 4

More complicated ,eircuits —

can' be bulilt from these é&sic

circuits.

Step IT: You will draw a circuit diagram for the statement.

Example:

oo
ey

o0

+

(7;,*’
7/

oC
oo

co

L ar N o CS

(o

e OO

@,

Step IV: Complete the truth table for this statement.

A f—'@

Step III:/~¥ire the circuit on the circuit board.

DO
o O )
OO

¥,

A B AACBVA)
1 1 1
1 o} ]
, 0 1 0
0 0 0

&
L2
[
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New Compléx Circuits

ﬁevieh

Follow these four steps for each of the following.

1. ~A~~B

Circult:

: i!ﬁ : B ~AA~B
] 1
1 0
0 1
0 0
AVBAR)
Circuit:
A B AV(~BAA)
1 1
1 0
0 1
0 Q
2/

2. ~hAu~B
. Circuit:
\
A B ~A AP
-
1 0
0 1
O. 0
(AA~B)AA
Circuit:
A B (AVv~B) A A
1 1
1 0
0 1
0 0
A
ry
/

L - 16
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he (AANI)V (FAA~B) 6. (A WB)A & AV~B)
Circuit: ' . Circuit:
Al B | (AADB)VAA~D) A | B.| (AVB)A (~AV~B)
1 ! | 1 1 F “
1 0 1 | O
0 ! - 0 1
0 0 0 0

58 7 ©'74 U of DML
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Compound Statements and DeMorgan's. Laws Exercises

‘ By now you are Ffamiliar with the idea of a truth table and ready to-complete more

complicated ones,  Leth take this compound statement,

pA(~avr)
and develop a truth table

\\

L. Determine how many simple statements are in the compound statement.

lias two: p. and q. We will need a column heading for each.

o

B g,
2yt

e

-

/

This example ¢ /

) For these two statements there are four possible situations: 1) both are true, i

- 2) pis true, q is false, 3) p is false, q is true, 4) both are.false.

p q ' ’ f
: o
T T . .
S F
F T
I F

The table will require four rows.

3. Mike a colimnfor any negations of simple statements.

P t#:vq
- T T F
T Fl T
F T Fo
F | P -
. Opposite ‘truth value i \4

_, 59
.‘ : _ L - 18




) , Exercises

Compound Statements and DoMorgan's Lawa
»

L. Dotermine Lruth value of parentheses
" d

T T use Lhese two columns
e . n"‘/__ U
p q ~q (~aVp)
T T F T
T F T T
- «
F ‘I“ F F /
/
F F T T
b ”” ” ‘
) .. - .= ugse these two columns ° '
P q ~q (~avp) .| PAGavp)
T T F T T
T F T _ T* T
I \ F F F
K F T + T F .
- o ' ’ v w o * : ’
Construct a truth table for each statefent.
1. ~{~pv~Qq) _ 2. pv~4q
p q | ~p | ~q (~pv~q) | ~epv~a)’
3 -
:).-
. .
- - v

3. PA~Qq ‘ . L. <~pwvd.

. ]
5. ~pv~q 6. (pv~a)A(av~p)

w Ly ..' .

6n - © 74 U of DML
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Compound Statementas and DeMorgan's lLaws Fxercises
. 7. '\;(pVQ) ! 8. ~ PA ~.q

~

Notice these two truth tables have the same last column When one statement is

true the other is true, when one is false the other is false. They are squivalent

~(qv p) € ~PA ~1

a—,
9. ~(pAaq) ' 10. ~pv~q
Notice again ~(pAq)é&d ~pyv~q *’i
.’ These equivalences are called DeMorgan's Laws '
11. Write the appropriate statements for:
p: Jim will work - \ .
q: Bill will work
+  ~(pAq): It is false that Jim and bill will work.

12. Write the appropriate st,atements for:

p: Joe(Qduates in June

q:? Jerry will be a Junior ‘ -
~(pna):
~Pv~Q?
. 1%._ Lef,'s construbt a truth tablé“"- for a compm%nd statement of three statements: P,Q,r.

" How many different situations would there be? |

pl g |r | paal (pAgdvr g |
, | 1 © 74 U of DML
L-20 S




Who Broke What Promise? Activity Card 5

-~

Each of the following aEf?&ities will require:

a) players (students to act out smalllparts)
b) a recorder (student to keep records visible to whole class.)
¢c) The unsilent majority (remainder of the class which will react favorably
or unfavorably to each situation).
In each act one of the players makes a conditional commitment to QPother. In each

-~

scene he will.either break his promise (greeted by boos from the unsilent majority)

, ‘ o ; -
or not. break his promise (yea, he's true blue). The recorder will take down the

results so they may be studied later,

: )

© '74 U of DML
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Record

Act:  1: Charley Makes A Date
Seone . Charley pets bh Charley takos™aucy Charley's promiae
from Dad: to movies broken
(tru® or faloe) (true or false) (yea or boo)’
1
)]
3
1. ks
N
Act 2: Charley and the Teacher
sScene Charley stays out Charley passes Ms. §h§pley's
| of trouble prom s¢ broken
s (true or false) (true or false) (yea or boo)
T
1
N o
3
[. LA
Act 3: Charley's Ski Trip
Scene Charlecy doesn't Brown's take Charley Ms. Brown's promise.
pass geometry skiing broken?
(true or false) (true or false) (yea or boo)
1 !/
2
3
4

L - 22. 5;:;
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Act. 1: Charley Makes a Date
. Charactors: Charley (a high school student), Lucy (Char.ley's girl), Mr. Brown
(Charley' s dad). .
Situatlon: Charley makes the following promise to Lucy. "If I can get five doiiérs
from dad, then I'1l take you to the movies Friday 'night."
Scene 1: Charley makes the promise )
Mr. Brown gives Charley the money.
Charley and Lucy go to the movies.
(Class reacts to the_Question "Did Charley bresk his promise?'
Record the reaction. ’
Scend 2 Charley makes the promise.
Mr. Brown gives Charley the money.
Charley tells Lucy he can't take'her to the movies.
CIéss reacts: "Did Charley breék his promise?"

‘ . Record reaction - ; ' ’

Scene 3: Charley makes the promise

L

Mr. Brown does not give Charley .the money.
Charley and Lucy go to the movies.
Class reacts: "Did Charley break his promise®"
Record reaction. |
»?i?jj ﬁcene Lz Charley makes the promise.
Mr. Brown dogs not give Charley the money.
Charley tells Lucy he can't take her to the movies.

° - » Class reacts "Did Charley break his promise?"

Record reaction. 5

© '74 U of DML
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»
Act 2: Charley and the Teacher
Characters: Charley, Ms, Shapléy (Charley's Geometry teacher), Linus, Lucy, Snoopy
(Charley's classmates).

Situstion: Ms. Shapley makes the following promise to Charley, "if you stay out of
trouble in class, then . you'll get a paasing grade."

‘Scene 1: Mg. Shapley makes the promise.
Charley stays out of trouble.
Msf Shapley gives Charley a passing grade.
Class reactg "Did Ms. Shapley break her promise?"
Record reaction
Scene 2: Ms. Shapley makes the promise.
Charley stays out of trouble.
Ms. Shapley gives Charley a failing grade.
Class reacts "ﬁid Ms. Shapley break her promise?" \
| ‘ _ Record reaction. ‘
Scene 3:; Ms. Shapley makes tNe promise ' ¢
Charley gets into trouble. _ -
Ms. Shapley gives Charley a passing grade.
Class'reaéts "Did Ms. Shapley break her promise?" ; . !‘
Record reaction, |
‘Scene L Ms, Shapley makes the promise.
‘ Charley gets into trouble.
Ms. Shapley gives Charley a faiiing grade.
class reacts, "Did Ms. Shapley break her promise?"

Record reaction.

_ © '74 U of DML




Act 3: . Charley's Ski Trin

‘ Characters: Charley, Mrs. Brown (Charley'é mother) Ms. Shapley.

‘ Situation: Mrs. Brown tells Charley the following: "you will not pass Geometry

or we will take you skiing."

Scene l: Mrs., Brown makes the prgﬁise.
Ms. Shapley gives:Charley a passing grade.
Mrs. Brown does let Charley go skiing.
Class reacts "Did Mré.-Brown keep her promise?®
Record reaction

Scene 2: Mrs. Brown makes the promise.
Ms. Shapley gives Charley a p&ssﬂhg grade;
Mrs. Brown doesn't let Charley gb skiing.
Class reacts "Did Mrs. Brown keep her promise.
Record reaction |

Geene 3: 0 Mrs. Brown makes the promise.

. - M:, Bhapley doesn't give Charley a passing grade,.

‘Mrs. Brown lets Charley go skiing.
Class reacts "Did Mrs. Brown keep her promise?"
N
Record reaction.
Scene L¢ Mrs, Brown makes the promise.
Ms. Shapley doesn't give Charley a passing grade.
Mrs. Brown doesn't let Charley go skiing.

Class reacts "Did Mrs. Brown keep hér promise."

Record reaction. ®

|
1|
X

Q : . L - 25 66
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Implication B Exercises | _ :

1. Complete the truth table for p q

R - - - % = 4
® | | v ~PVQ R ST
7 . & . 'e-;: f, % .-h‘\;». s
. N . RV
Yy . U .“¥ )
. : L TN
T F . .
F 1[!
vl
F F

Let p: You go to Burope

(Y ‘ e
q: You cross an ocean. «
Then~pwvq: You don't go to Europe or you cross the ocean, ) \e
Looking at Lhe truth table above, this statement is false only when you go to Eurone ;lfiﬁ don't;
cross an ocean. (which is not’ likely). ) _
It would lqm eqiivalent t,__o say: .
‘ If you go to Furope, then y-ou cross an ocean. A statement 1like this is called an if-
then statément, or an implication, Symbolically we write ny q\whi.ch is read "'if n, then i
q" or ."p‘"ji.mplies q." | )
Since "~p v q" and "p—y q" are equivalent the truth table for p—» q should have the same
result as the one you completed above. -
2. Compiet,e the truﬁh table:
) p q '-\" R———-) q‘ o o 1f you ciid Activity 6 compare this table to
T | T | ' table 1. 4 (
T F
el | .

F | F

“here are many ways to w<ite an implicatien o —y q. o

. L. ..
If p, then q. If it's raining, then it's cloudy. ® v :
° ’
: - ~ ©77 .
o implied q., It's raining implies it's cloudy. 74U of DML
Q :

o 1% gy



Implications. \\\¢E36rcisea

q if p . It's cloudy if it's raining.
“ p only if q ' , It's raining only if.itf's cloudy. ‘

p 1s sufficlent for g It's/raining_ia suffficlent for it's cloudy.
) q 1o néconnary for p It's cloudy is necessary for 1t's raining.

}

fn cach of these examples 1 is called the hypothesis and q is the conclusioﬁ '
Hypothesis: It'is raining
conc}usion: It is cloudy.
! :
Underline the hypothesis once and the conclusion twizg?“
3. If it rains then we'll éo home early. 2
he If we win there will be no school tomorrow,
He  hx=20 implieg X=5.
6. We're go%ng only if the weathers nice.
7. To be eliéible it's necessary to keeg your gfades up.
* write the following in if-then form.
8. 1f T cat less, I lose weight.
9. 1If the cat's away:;the mouse Ui%l play. v -
10. T'11 be there if I finish my homeéwork in time.
11. You like a course &’ﬁiif you-do well in it.
12. A}l teaégérs must attend the meétiné.-ﬂ
13. ?p Join the élub it _is necessary to be.a student.
14. Being a cheer leader implies heing a junior. ¥
15, You live in Colorado if you live in Denver; ‘
16. qA triangle has three sides.’

17. Living in Denver is sufficient for diving in Colorado.

18, Living in Colorado is necessary for living in Denver.

“ o © 74 | of DML
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Variations of a Promise ) | B ' Activity Card 6

Consider the statement:

Tt is not rqining or it is cloudy.

3

Thi statement is fhlse,dnly if it is raining and there are no cléuda, a'very ﬁnlikely

pUssibility. ’

It appears that an equiva%?nt statement would .be: | .
1f it rains, then it is cloudy. , . - . N

or e

. L 4
R

~ +

Rain implied clouds. , ; ] ‘ . Ca
e ' ’

ﬁoth of these statements are implications. Symbélically, %f ﬁ‘\vft is raining., and q: It
is cloudy we would write i o ‘
* o 3aq | .
It seems from our example that p.—y'q is equivalent to ~ p ~ q. In fact we shall define

) it that way. Definiition: p—q 1is a statement equivalent to ~p v q.-

~

.
‘ i - 3

Use a ‘circuit board to find the truth table for A — B.

A B A —» B :

1 1

1 o . ~ Tablel )
o 7|1

0 0 )

“g‘ Cor;verse | ) ' Q\%

The éonverse of A— B is B—A. - .

This is equivalent to ~Bv A.

-

. :
Use a.circuit bpard to complete the table.

A B. B— A _ o ' - _ e
S ¥ : ) .
@ | o | |
‘ * Table 2-
0 1 - | .
J o | L-2%  gg . © '74 U of DML




Inverse
The inverse of A — Bis ~A —) ~ B
Y Thig is equivalent to AV ~B. » C .

Use a circuit board to complete the table.

A B# ~A.wp ~ B
1 1 . -
1 0
Table 3
0 1
0 0
Contrapositive - . - . *

3

The contrapositive of A—» B'is ~B.—) ~A.
. ' ! )
This is equivalent to B v ~A. . ~ K|

Use a circuit board to coﬁplete the table,

‘A B ~B—) ~A°
. \ i
). 1 "
i 0 Table 4
0 1 !
0 0 -

-
’/f'
P

);) . | o © '74' U of DML
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Converse and Biconditional Exercises
. »
The converse of p . )({n is q-—) p
ample: p —) q if you're smart, then you go to college. -
q —> p if you go to college, then you're smart. ®

Go back to Implication Exercises 8 -~ 11 and write the converse of each. '

1. »

5.  Complete the truth table -

. \
p q P - q q— P
. B : ’ \
T | T . ’ - If you did Activity 6 compare this table to table °
ll\ F 2.
F T
@ '

/

6. When an implication is true, is its converse true?
‘!. Make up an igglication that's true and has a ﬁrue converse.
8. Make up an implication that's true and has a false converse.
A éonjunction (and) of an implication and its converse is called a biconditional.
| iéplication p—>q: If it's Monday, then tomorrow is Tuesday.
ngfgise q~—3 p: If tomorrow is Tuesday, then it's Monday.
QTSB{ééﬂaitional (ﬁ—)q) (q— p): If it's Monday, then tomorrow ié Tuesday and.:
if tomorrow_is,Tuéquy, then it’s Monday.

9. Complete the trufh table.

p |l a P2 q q 2p ] (p—o2a) A (q—p)
T | F ’
® * :
T F
S © 74 U of DML
:_J F . .
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Thore are severnl other simpler ways to state a biconditional. Notice in the truth table
the biconditionnl i true nly when p and q have same truth value and false when p and q ‘
‘uve different Lruth values. We can state the biconditional simply p "is equivalent to" q
or p I q. |
Exumpg?: Tt.'s Monday is o?uivalent to tomorrow is Tuesgay.
\Another way to write a bicohﬁitional statement is to combine if p, then q and p only if
q Lo pif and only 1if q. . | — |
lbu;uﬂe: Today is Monday is neccesary and sufficient for tomorrow being Tuesday.
A third way is to combines .
p is sufficient for q and p is necessary for q
to
p in necesgary and sufficient for q.
fxample: Today is Monday is necessary and sufficient for tomorrow being Tuesday.

Write cach biconditional statement in two other ways.

] can wake up if and only if T go t.o sleep.

'} o

11,
. - . - [ «
A polygon has threc sides is equivalent to a’polygon is a triangle. s
\ ! .
12, SN w S | .
13.

I live in Denver is necessary and sufficient for I live in the Mile High Gity.

3

14 _ - /
1:). 3 ] , )
—/’\L
d
L . T . © 74 Uof DML
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Invo{"aa _ Exercises
The Inverae of p - q ig ~D =) ~q.
Example:- p- }q If you live in Denver, then you live in Colorado.

~P =y q If you don't 1live in Denver, then you don't live in Colorado.

Go back to Implication Exercises 12-15 and write the inverse of each.

1.
5 .
2. , | .
3. : ‘ i

. <
l.

L]
b
Complet.e the table: \
P_lq p—>9q | ~p ~q ~p — ~q
ll‘ II\ . ' o
ll\ l.\ - , v ‘,
« - . ’ ) If you did Activity 6
‘l' I ) ’ K " compare this table to table 3.

Foyr )
6. If an implication is true, is it's inverse always_‘true?A ' - -

"7. Make up an implication that}s true, and has a true inverse.

8. Make ‘up an Q:mel:Lc&t.’Lon that's true, and has a false inverse,
{
\'Q"Q.“} I T vn‘
.:.:‘ . - ° . g
d B TN < 1 -
¢ L

S 73 ©:'74 U of DML
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Contrgpositive Rxercises
The contrapositive of p-9 q i3 ~q<9<p.
' ixample: p-—q: 1If you finished the test, then go to the computer room.

[ ]

~qQa~p:  If you don't go to the computer room then you didn't finish

The test. /m\>\~&/)

Go bncy to pxercises 16-17 and write the contranoasitive of each.

]‘
[ 4
5 3. Complete the table
l) (1 'l)_.) q ~ 1 r\,_(l Nq-’ ~ 1
I]\ IP
I k
If you did Activity 6 comoare this
K T
to table 4.
b F
‘ — Lo I an implication is true, is it's contrapositive always true?

" An tmplication and itl.'s contrapositive are statements,

- '-(4..

. 74 © '74 U of DML
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How ‘ Neutralize a Switch ey ,YQ', Activity card 7.
&
‘)raw a circuit for A — (A v B) X
33

Use a circuit. board to complete the following table,

. “
A ln A——> (A v-B) :
1 |1 n ; Table 1
Lo
0 |1 ,
o In
Draw a circuit for Ba (A A~ B)
Al B 1 B°A (AN _~B)
Table 2
.
75
o . L-3 & - © 74 Uof DML
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Tautologies and Contradictions Exercises

'
‘Complet,o the truth table:
1. pla (p v Q) p-2(pVv q)
lll ll\' . .

T F

. If you did Activity 7 compare this to table 1.
FlT - , .

‘F|F

A statement like this one that is always true is calledja tautology.

complete the .truth table,

2. pla | ~q. (pA ~q) 9 A _(pAn ~q)
T . If you did Activity 7
T F compare this to table 2.
| {
F ll\
o |

A statement like this one that is always false is called a cqptradiction.
ComMlete the following truth tables and state Whether each is a tautology,

contradiction or neither.

<}
37. P Vv A’;\\\\ | he DA ~p

P | ; p [ e
T T
F F
- (pAd) — p 6. p —> (p A q)
p q -
T T
'P l[\
) r | F
I‘ I' . l F T -n
® ! - . F | F _
‘ ¢ ] .
' F F A ) _ ©'MU of DML
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Tautologies and Contradictions Exercises

T ~(rvs) e dar A~ | 8. [pa(p = a)] —q
o - e
']‘ Il‘ . T T
'l‘ };‘ ’l‘ F
F\ ll| F T
3 0 F F
9% ~(pA~q)v (pA Q) 10. (pv ~p) -3 (gn ~ q)
pFoa p 4 q
‘° lll lI\ T r
T F , %
T F .
- F T
F T
F F
F F
. _ l __,_)/“
11. (p>q) «> ( ~q-»~p) 113, [(p -»q) /) (q ->r)] @ (p>T
P q . p | q | r
v[\ ’I‘ T 'I‘ ’ T . o
T F . S - T | T F
F T T | F T
F P ; T F F
| F T T A "
12, ( pA~9q) v (pAQ) F T F s
\ - F F | T -
P q N - | o
- F F F '
T T )
T F | . ‘ E ) ’ \
N /
F T " \
\‘,
F ) F = e . \‘
\ | (
x .
. )7," ¥ . .
S © '74 U-of DML




Would you Believe? . Activity 8

. In his book Symbolie Logic, Lewis Carroll pr‘@Seni,s sets of concrete propositions gpnq
asks what, conclusions may be drawn from them. 1In this activity we present selected sets
of these along with conclusions. You are asked to determine if those conclusions are
valid or not. Tt it's not valid, write one that is.

1.
. Habies are illogical.
<. Nobody is despised who can manage a crocodile.
1. Tllogical persons are despised,
Conel:  Babies can manage crécodiles.
1T1.
1. No potatoes of mine, ihat are new, have been boiled.
2. All my potatoes in this dish are fit to eat. .
3. an unboiled potatoes of mine are fit to eat.
Concl: All potatoes in this dish are old ones.
| 111,
1. Everyone who is sane can do logic.
<. No lunatics are fit to serve on a jury.
3. None of our students can do logic.
. pohcl: None of our students are fit to serve on a jury.
Iv,

l. No one takes in the Post, unless he is well-educated.

2, No marmot can read. 14 .
hB. ‘Those who cannot Tead are not well-educated.
Concl: Some marmots take in the Post.
V.
1. All ducks in this village that are branded "Bv belong to Mrs. Bond. ) »
‘I’ , ‘ o _

2. Ducks in this wvillage ﬁever wear lace callars, unless, they are branded "B,

78 )
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Would you Believe? _ _ Activity 8

3+ Mrs. Bond has no gray ducks in this village.

Cohcl: A1l white ducks in this village wear lace collars. ' ' |
\ .

VI,

1. Nobody, who really appreciated Besthoven, Fails to keep silence while the Moonlight-

v

Sonata is being played.
2. Guinea — pigs are hopelessly ignorant of music.

3. No one, who is hopelessly ignorant. of muaic_ever keeps silence while the Moonlight -~

(o

Sonata i3 being played.

L N
Gonel: Guinea pigs never really appreciéte Beethoven.
VII, | ) )
1. Things sold in the street are of no great valué.
2. Nothing but rubbish can be had for a song. : _ '
3. Fggs of the Great Auk are very valuable. t\\r\

.1_;. It is only what is sold in the streets' that is really rubbish.

Concl: Those things which are sold on the streets and are not rubbish are

eggs. O the Great Auk.
VIII.
1. No birds, except ostriches, are 9 feet high. ,
2. There are no birds in this aviary that belong to anyone but me.
3. No ostrich lives omymince - -pies.
L. I have no birds lesg than 9 feet high.
Concl: Any’bird not living on mince pies is in this aviary.

Ix. - -

1. All writers who understand human nature, are clevqr.

2. No one is a true poet unless he can stir the hearfs of men

[

3. Shakespeare wrote "Hamlet".

‘ i« No writer, who does not understand human nature can stir the hearts of men.

&.q-‘:.‘_ . “-—-
- “

| | e ut av ?9 . © 174 U of DML
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~ Activity 8
Would You Believe?

. 5. Nane but a true poet could 'hav,g written "Hamlet".
Concl: Shakespeare was clever. f
.x.
1. T call no day "unlucky" when my studegts are civil to me.
2.  Wednesdays a.re always cloudy. - *
3. When people take umbrellas, the day never turns out fine.
L. The only days when my studemts are uncivil to me are Wednesdays.
;. Mvorxonp takes his umbrelld with him when it is raining.
6. My "lucky" days élways turn aut fine. .A !

Concl: Draw your own conclusions for Bhis one.

——_
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‘éxorcises ) Proof's

{

Looking back at the last exercises, these are some of the statements you found to be
tautologiey, ! ‘ .

~

f(D 3 q) AN(q—r)]— (p~9 r)

[p A (p ~N)J > q

, R
Any argumnnt that follows a tautology ts a valid argument.

For example, if you argue following the first tautology, "The sky is green or it is mot

pé

green', you have to be right because pv~p is always true.

1. On the second and third tautologies above underline the hypothesis once and the

conclusion twice. You might recognize the second tautology on the 1list as the
transitive pxoperty of implication. Here's an example of an argument following this
tautology.

Hypothesis: «

(p-2q): If John-lives in Golden, then he li;es in Jefferson County.,
and (q--» r); If John lives in Jefferson County, then he lives in Colorado.
Conciusion:

(p—> r): If John lives in Golden, then he 1lives in Colorado.

The argument.-follows the tautology [(p—>a)n (q—=>r)]—>(p—> 1)

v

Ixample of an argument following the third tautol&gy.

Hypothesis:
p: John is a football pﬁhyeg;

and (p —>q): All football players are dumb.

Conclusion:

q: John is dumb. ' v

) _,1: ) -
Tautology: [p A (p —27q)]- q
An argument following a tautology is valid because for everyone who agrees the

hypothesis is true, the argument is a proof{ of the conclusion.

Hypothesis is:

*

p: A bicjéie is a vehicle and (p = q): All Xihicles have four wheels. .
: © '74 U of DML
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Exercises ) Proofs

_Conclusion: |
. o - <4
q: A bicycle has four wheels,

Tautology: |[pa (p -2q)] Dq-

Notice the argument 1ig va“p because it follows a tautology, but‘&he conclusion is
: @ 7

fatue.
v

The rnllowiné statements form th pothesis of a valid argument. You are to arrange the
statements in order, state the Fonclusion, and state the tautology the argument. is
patterned after. (See previous‘examples).

2. Y am a freshman student. If ) student is a freshman, then he may attend the

freshman class party.

~

3. TIf I eat pickles with ice cream, I dream about lions and tigers. If I dream about

lions and tigers, | wake up scared.

“ho If this is the fourth week’ of-school, then this is the week my theme is due.

. This is the fourth week of school.

x

% 1f a person is a clerk in Meyer's Devartment store, then he has had a week of on
the job training. Clara is a clerk in Meryer's Devartment Store,

6. Triangle ABC is equilateral. If a triéngle'is equilateral, then it is

Equiangular. /

7. LX=20. If equal numbers are divided by L, the quotients are equal.

g If yqu're very bright you'll probably get an.A in logic. If you can do
this you're vqs; bright. . ' T

9. If an elephanﬁﬁ;s vicious, it is ostracized by the herd.

If an elephant is a rogue elephant:, it is vicious.

If an clephant is ostracized by the herd, it roams alone.

-

Remember that an implication is equivalent to its contrapositive, so we can use the

Lon abosiﬁ&ve in place of an implication,~to make a valid argument. In the following

| o '@ '74 U of DML
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' Exercises Proofs
e gt o ———

argument,s you are given the hypothests and- (:uncl.us:lon.‘]Yoﬁ“ are to determine whether

4
U!@hnl, the argument. is val id by determining whether or not it follows a taubology
>
Example:
. .
Hypothesis
, if the price of this coffee is high, then some people do not buy 'it.
| All peopie buy this coffee.
s Conclusion
N o .
The price of this coffee is not high.
* 3" The argument is valid:
Hypothesis 1
. - p: ALl people buy this coffee. B ’
. . A ¥
- p—=2q. If all pe:(mke buy this coffee, then the vnrice of this coffee is not "
- ., &Y : . ' -
N ) : 7 - '
< ‘ ‘ . high. (contranositive of first, statement). _ : S
Conclusion ’ ' ' . . ' - ’
N - Y 3 . . ' &
" - . q: The price of this coffea is not high. | \
' 10. Hypothedis: ' . ’
+ - B 3
. If a man is not entitledto Iree medical care, he's not" a 'veteran.
Jerry Anderson is a veteran.
i Conclusion: ~ ’ _ ) L e ) ) ‘
' Jerry Anderson is entitled to free medical care.
o o 11 /th - . v T S . ) .
' “Ll. Hypothesis: ' _ : ¥
, " . . £ Lo - .. w o,
T All cows eat green grass. ‘ ' A :
. - L : N ‘ i * . . ) x =
"¢ " If no cdws giye rich milk, then no coWs eat green grass. .« ‘
. ‘If no rain falls in summer, then no cow gives rich milk. . - s
0 i = . : ' . %
"y . Conclusion “ o .
. . N - : ‘ . _ _ . . . . .
. Rain falls in summer, . | . . . . :
L s - - N . . ' = R S % p ’ ) @?t’ ‘ - v
s . ' . .- 74 U of DML.
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Exerclses ¥

12,

Hypothesis

Utah is larger than Maine only if California is larger than Persia. France is

smaller than Texas if Utah 13 not larger than Maine.

U.5. is not Iarger than Canada 'is a necessary condition that France be

smaller than Texas.

Conclusion:

(Find a conclusion)

A

*

Proofs

v

/
¥

©

The fact that the

o~

a
.

74 U of DML
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Two Column Proof Exercises

‘ A popular form of proof in Geometry 1s to arrange an argument following the tautology
. . o ot

[p A (P> q) -3 q in two,columng. N
Statements : Reasons

1. v T 1. Given in Hypothegis
Jeq oL V. - 2. v —q ‘

S

I‘)xamnl',o: Prove that John is dumb.

statement.s Reasons 5
“l..p: John is a football player -+ 1. Given in Hynﬁ-éh_esis
] 2. q: John is dumb, ) - ' 2. n—»Qq: All',l"é;)tbal_l players are dumb.
Having m.(-l)mplj:‘:}'md this, knowingl‘t,hat, q is true, we canwme th(‘," argument | q A (q ;9_1‘)]"-9_1“.
' Statements _ - ) ' R'easorls ) | “ | |
- . p o o o G.-'wép in Hypot,heésis. '
ooa . 2 ba, i
or e
A ]
. Bﬁt.t»huﬂneans‘ w;a hav;a r:'eally made- the ‘a}‘-gume‘:nt:-’ o o ] _ !
Toa(e %;q)‘ A (@015 L '
» Fxample: Prove the price of bread will rise. - ) .
’ statements “ : ‘ ‘ ’ R;a;sons . '
S - »
1. -p: .The cost of labor -is’ increasing 1. Given in Hyvpothesis )
%. q::"l‘he cost of wheq%yin\.careases. 2. n -—>q: If the cd;st o J.ab(')}/ ncreases,
-3. R‘:. “The price of bread will rise, | then t‘he cogat, of' whe increases.’ -
‘ y ! L ' ’ — '3¢. q._'o“r: Ii the; co t,'o_.f‘_“ wheat incr"ease,s
.,‘ L | - | .. then thg price of __bré:d will rise.
1 . . 85 R 603'1’7',4 U;.Qf DML ’
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Two column Proof xercises
. 4
. Arrange each of the following arguments in two column form,
1. HypuLhciiu: Jane lives in Denver. If a verson lives in Denver,
then he lives In (‘,olforado.
Conclusion (prnve)i” Jane lives in Colorado. . . .
Statements J | ,- Reasons

~ > ;

2. Hypothesis: If a student\lives more than a mile from s¢hool, then he ;ides\the
school bus. If a student rides the bus, thén he eats lunch at school. Tony is
‘a student vho lives more than a mile from school.

Conclusion (prove): Tony eats Junch at school.

stalements : Reasons A

f »
‘ y
- "

N |- .’

3. Hypothesis If it rains, then pavements are slick. If pavements s&re slick, then

-

there are more accidents than usual. It is raining today.

»

-l
-

Conclusion (prove): Whatever you can.

2]

6

. Statements  ° ' . | Reasons

4
S~
°x
1
-

. Q ' . * . : © 74 U-O}QPIIL
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Proof by Contravositive

Another tautology you proved by truth table:
y - . ~
. (p—a) «2> (~q=P~0p)

v
An Implication is &quivalent to it's qbntrdpbsitive.

AS

Sometimes a Lrue implication cannot be- proved Frém the hypothesis given, but the
’ -
“contrapositive can be proven instead. This is sﬁilifa (alid‘Broof of an impllcation

since it is equivalent to its contrapositive. .

-

-
Fxercises: prove the contrapositive o T

1.  Hypothesis .
If an animal is a ku-ku, then it has three .ears.

If an antmal has three, ears,- then it has grey fur. . - -

. - . . . VL ' . ) a
Prove: 1 an animal does not-have grey.fur, it is not a ku-ku.
. N C et ¢ T

L4 -

2. HYDOLhesis:" T IR
. N | : T - .
\ It a geometric figure is. a-triangle, it 1% a ndlygon.

1 a geometric figure is a nolygon, then its sides ai? segments of stfaight

o | '
) . . . ) ' i 5

lines. . : . ) X N
Prove: I a geometric figure does not, have its sides Ségmgnts of straight lines,

R "".,.. L. ’ . I ) .
- 24t is not a triangle. . ’ ' !

3. Write two contrapositives: I shall get my algebra creditsifﬂl nass the

) .
final and turn in the homéwork I missed. _— e ; Yy
| F
Determine whether or not the argument is valid, v .

. ' Y} . i /
L. Hypothesis: If all cows eat green grass, then some cows give rich milk.

If no rain falls in summér, then no cow givesrich pilk.

. Some rain falls in Summer. : e .

» [ 4 e
Conclusion: ~All cows 'eat green grass. -

“w b. " Hypothesis: If the“studeﬁt_does not study hard, then.he fails thé
C, . - v - ) . ', t. . * ) - o
N . R cou?se. E | - . )
R ! g SRR If the stiadent studiesnharq,nthen he_has no, regrets.
/' 4 The Nn’c ‘fails the course. . - - . @ 74 U of DML o
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Proof by Contrapositive

~

1]

. Conclusion: The student hr{s some regrets.

6.

r/.

8.

Conelusion:  Some skiing is done in Boulder.

Hypothestss TIf some mountains are not. high, then some peaks are not snow

¢

capped.

If no skilng is done in Boulder,.then some moyntains are not high.

All peaks are snow capped

> make a heavy cron. YIf the notato croo is small, wheat orices

4
are low,

CHypothesin: Tf and only if votatoes ave nlanted at full moon, they will

By

Conclusion: If potatoes are planted at full moon, wheat nrices will be

high.
Hypothesis: FKating a green apple is sufficient to cause illness.

You call a doctor if your life is in danger..

Al

To call a doctor, it is necessary to be ild.

Conclusion: If you eat a green apple, your life is in danger.

o7 f - -
: . r »
AN
. . ) e f)
: L - 47, .
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’ Indirect Proof
. Negat.ion
-Snmatimvn in 2£Qgr to prove that a atatement is true, wé prove that it ig
false. This method is known as indirect proof.
Suppose q is a statemnt we wish to prove. Assume q is true, and reason
deductively until you arrive at a statemept t which you know is false. In other

' ¢
words, construct a deductive sequence from q to t as follows:

~q->» a4 —» b>..t. This sequence establishes the implication ~ qét.
The contrapositive of ~q >t is ~t-?» ~ (~q). Since t. is false, ~t is

true and ~(~ q)¢» q. You may illustrate your reasoning by

~

_{ —»q]-»q and the proof is then comolete.
This may also be proved by a truth table.
Example: Suppose that a collection of nickels and dimes has a value of 175 cents.
Prove "There is an odd number of nickels."

. Solution: Show that ~ q "There is an even number of nickels: is false by
reasoning until ydu encounter a statement wh;ch is inconsistent with known

»
facts. - _ g

If the number of nickels is even, then the value of the nickels (exoredsed

-

. ]
in cents) 1is a natural number eriding in O, then the value of the dimes (exnressed
in cents) "must end in a natural number ending in 5.  But the value of dimes will

(in cents) end in 0. Therefore, ~q is false and q (number of nickels is even)

’

is true. ’

.

Exerciges: '
1. Suppose that there are 13 people in a room. Pf'ove: "At. least two o.i‘ t‘p,ese
people weré born in the same month. Use the indirect method.

L34

2. ouppoqé Lhat the number of trees in Illlno;b at a ghgg\}une is greater
than the number of 1eaves on any tree in Illlnoill and-that every tree, has at,

Qs
- least, one leaf. Prove by the indirect nethod that? thére mu‘?t be at least twp trees

.ﬁth -;,h-e same nu}nt?ér !of 1ea.ves.. L, ) AB 9() s ' © ,74 U Of DML
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' Indirect Proof | :
Negtion . Exercises

3. Suppose that a r5qn contai“ps only cows and chicke}i, each of which ia normal in

every way. Prove the statement"There is an éveh number of feet in the nen, '’

‘\;\j

a <
/ -
\]
i
J
Y
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4 :
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